Background: Some patients may have normal wall motion after myocardial infarction. The aim of this study was to determine the prevalence and prognosis of patients with myocardial scar in the absence of abnormal wall motion. We studied patients with suspected or known coronary artery disease (CAD) who were referred for cardiovascular magnetic resonance (CMR) for the assessment of global and regional cardiac function and late gadolinium enhancement (LGE) and had normal left ventricular wall motion. Prognostic value was determined by the occurrence of hard endpoints (cardiac death and nonfatal myocardial infarction) and major adverse cardiac events (MACE) which also included hospitalization due to unstable angina or heart failure or life threatening ventricular arrhythmia. Results: A total 1148 patients (70.3%) were studied. LGE was detected in 104 patients (9.1%). Prevalence of LGE increased in patients with increased left ventricular mass. Average follow-up time was 955 ± 542 days. LGE was the strongest predictor for hard endpoints and MACE.
Background
Assessment of structural heart disease or ventricular function has been recommended for patients presenting with signs or symptoms of heart disease such as dyspnea on exertion, heart failure [1] , chest pain or angina [2] , and acute coronary syndrome [3] . Structural heart disease such as valvular heart disease and global or regional ventricular function is usually evaluated by echocardiography [1] [2] [3] . Left ventricular ejection fraction (LVEF) is one of the most important indices of global left ventricular function and wall motion abnormality represents regional myocardial function. The prevalence of myocardial infarction by clinical history may be underestimated since approximately 20-40% of myocardial infarction may be unrecognized [4, 5] . The prognostic importance of late gadolinium enhancement (LGE) has been reported in many groups of patients such as coronary artery disease (CAD) [6] , non-ischemic cardiomyopathy [7] and diabetic patients [8] . It has been shown that the presence [6, 8] and size [8] of myocardial scar and the presence of abnormal wall motion [8] had an impact on the prognosis of patients without clinical history of myocardial infarction. Little is known about the prevalence and prognosis of myocardial scar in patients with known or suspected CAD and normal wall motion.
Cardiovascular magnetic resonance (CMR) is considered the gold standard for the assessment of global ventricular function [9, 10] and a good tool for the assessment of regional ventricular function [11] . It also provides the data concerning myocardial scar, most commonly related to myocardial infarction, by LGE technique. This technique has been proven to be very accurate, comparable to histopathology [12] , and have better accuracy than single photon emission computed tomography [12, 13] , even in the setting of very small infarction [14] , and it has also been shown to be highly reproducible [15] .
The objectives of this study were 1) to determine prevalence of myocardial scar in patients with known or suspected CAD in the absence of abnormal wall motion and 2) to determine the prognostic value of myocardial scar in patients with known or suspected CAD in the absence of abnormal wall motion.
Methods

Study population
We studied patients who were referred for CMR from January 2002 to December 2007. Patients were referred for CMR due to clinical symptoms suspected to be related to CAD. Patients were included in this study if 1) known or suspected CAD who was referred for CMR for the evaluation of myocardial function and LGE 2) age more than 30 years and 3) normal left ventricular wall motion from CMR. Types of symptoms are shown in Table 1 . Patients were excluded if any of the following criteria is presence: 1) had contraindication for CMR such as pacemaker or internal defibrillator implantation 2) history of myocardial infarction documented by standard criteria [16] 3) poor quality images for myocardial function or LGE 4) inability to complete CMR examination 5) history of revascularization 6) known disease that could cause LGE such as dilated cardiomyopathy [17] , hypertrophic cardiomyopathy [18] , myocarditis [19] , cardiac amyloidosis [20] 7) clinically unstable conditions 8) need for urgent revascularization and 9) data unobtainable on clinical-follow-up. Since we excluded patients with history of myocardial infarction and history of revascularization, known CAD was defined as a history of at least 50% diameter stenosis of one or more major coronary arteries from coronary angiography who did not undergo revascularization and those with history of myocardial ischemia by nuclear study.
This study was approved by the Ethics committee of Siriraj Hospital. All patients provided written informed consent.
CMR protocol
All patients underwent CMR which included functional study and assessment of LGE using a 1.5 Tesla Gyroscan NT Philips scanner (Philip Medical System, Best, the Netherlands). After scout images, functional study was performed with a steady-state free-precession technique in horizontal long axis view, 2-chamber view, 4-chamber view and multiple slice short axis view.
LGE was performed in 3-D fashion 7-10 minute after the injection of gadolinium 0.2 mmol/kg. Multiple short-axis slices at the same level as the functional study, 2-chamber and 4-chamber view were acquired for LGE.
Parameters for functional images were as follows: repetition time/echo time/number of excitations = 3. [16] .
Analysis of CMR
The analysis was performed on the ViewForum workstation (Philip Medical System, Best, the Netherlands). Functional CMR data were analyzed for volume, mass and ejection fraction of the left ventricle. The software made an automatic detection of the endocardial and epicardial border of the left ventricle during diastole and endocardial detection for images during systole. Manual adjustment and LVMASS (LVMASSI) was performed to adjust for body surface area. Intra-and interobserver variability presented as percentages of the mean of 2 repeated measurements averaged ± standard deviations were 3 ± 4% and 4 ± 4% for LVEDV, 4 ± 5% and 6 ± 6% for LVESV and 3 ± 4% and 5 ± 5% for LVMASS.
LGE was analyzed by visual estimation for the presence or absence of LGE and quantification of LGE.
LGE was graded segmental extent of LGE as follows: 0 = no scar, 1 = 1-25%, 2 = 26-50%, 3 = 51-75%, and 4 = 76-100% of LGE areas in comparison to segmental myocardial areas. Analysis of myocardial segments was based on 17-segment models [21] with the exclusion of segment 17 from analysis. Slices was classified as basal segments when tips of mitral valve is visualized, midcavity segments when papillary muscles are visualized and apical segments when they are beyond papillary muscles but before the cavity ends [21] . Each of the basal and mid-cavity slices was divided into 6 segments and each of the apical slices was divided into 4 segments. Total scar size was derived from the summation of scar grading of all segments, divided by 4 times the total myocardial segments and calculated as percentages of scar in comparison with myocardium [12] .
Analysis of wall motion was performed by visual assessment. Wall motion and LGE was assessed by 2 readers independently of the history. Disagreement was solved by a 3 rd reader. Regional wall motion was analyzed by the use of the 17-segment model proposed by the American Heart Association [21] . Wall motion of each myocardial segment was recorded as 5-grade system as followed: 1 = normal, 2 = hypokinesia, 3 = akinesia, or 4 = dyskinesia. Intra-and interobserver agreement for the presence of a LGE area in our center were k = 0.94, p <0.001 and k = 0.97, p <0.001 respectively using a signal intensity threshold of more than 2 standard deviations above the signal intensity of a remote myocardial region. The cut off of 2 standard deviations has been used in many previous studies [6] [7] [8] . Visual detection for LGE has been shown to be in a good agreement with the conventional technique with k = 0.952, p < 0.001 [22] . For the presence of abnormal wall motion, intra-and interobserver agreement were k = 0.95, p <0.001 and k = 0.93, p <0.001 respectively
Clinical follow-up
Primary outcomes include both hard cardiac events and major adverse cardiac events (MACE). Cardiac death and myocardial infarction were considered as hard cardiac events. MACE includes hard cardiac events and hospitalization due to unstable angina, heart failure or lifethreatening ventricular arrhythmia. Assessment of cardiac events was performed by the review of medical records and telephone interview followed by document confirmation.
Statistical analysis
Data were described as mean ± standard deviation (SD) for continuous data and count (percentages) for categorical data. Independent-samples T-test was used for the comparison of continuous data. Comparisons of categorical data were made by the Chi-square test or Fisher exact test wherever appropriate. Cox-regression analysis was used for the assessment of predictors for clinical outcomes and was described as hazard ratio and 95% confidence interval (CI). Kaplan-Meier analysis with logrank test was used for survival analysis with comparison of survival data between groups. A p-value of ≤ 0.05 was considered significant.
Results
We excluded 248 patients with a history of revascularization, 252 patients with a history of myocardial infarction, 18 patients who were unable to complete CMR examination, 8 patients with inadequate image quality, 4 patients with pacemakers, 5 patients with unstable clinical conditions, 14 patients unobtainable clinical follow-up data, 10 patients with mid-wall or patchy scar likely to be nonischemia cardiomyopathy scar, 3 patients with scar at the insertion site of right ventricular free-wall likely to be related to hypertrophic cardiomyopathy, 2 patients with subepicardial scar likely to be related to myocarditis, and 1 patient with diffuse LGE likely to be related to amyloidosis. After the exclusion, total of 1148 patients with normal left ventricular wall motion were included in this study. Average age was 64.6 ± 11.3 years. LGE was detected in 104 patients (9.1%). Table 1 shows baseline characteristics of patients with and without LGE. The following factors were associated with LGE: male gender, hypercholesterolemia, hypertension, a history of dyspnea on exertion, use of certain medications such as angiotensin converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB), and statin. There were 132 patients (11.5%) who underwent coronary angiogram before CMR study. The results of coronary angiogram showed single vessel disease in 35 (27%), 2-vessel disease in 32 (24%), 3-vessel disease in 29 (22%) and no significant CAD in 36 patients (27%).
Comparisons of CMR functional parameters were performed (Table 1 ). There was no significant difference in LVEF between patients with and without LGE. LVMASS index was significantly greater in patients with LGE in comparison to those without LGE. We further explored the relation between increased LVMASS index and the presence of LGE by dividing LVMASS index into 4 quartile groups. The prevalence of LGE was only 2.8% in the lowest quartile of LVMASS index group. The prevalence increased to 5.2%, 9.1% and 19.2% in the 2 nd , 3 rd and highest quartile respectively ( Figure 1 ). Coronary angiography data after CMR of those who had LGE was explored to confirm the underlying CAD in this group. Among 104 patients with LGE, 48 (46.2%) underwent coronary angiography, 12 had single vessel disease, 15 had 2-vessel disease, 20 had 3-vessel disease, and only 1 patient had no significant CAD. Among those who underwent coronary angiography, 24 were in the highest quartile of LVMASS index, 13 in the 3 rd quartile, 4 in the 2 nd quartile and 7 in the lowest quartile. Figure 2 shows example of a patient with increased LVMASS index (3 rd quartile group) had LGE without abnormal wall motion. Among patients without LGE, coronary angiogram was performed in 145 patients (13.9%) which demonstrated single vessel disease in 39, 2-vessel disease in 30, 3-vessel disease in 30, and no significant CAD in 46 patients.
Predictors for cardiac events
During an average follow-up time of 955 ± 542 days, 18 patients (1.6%) had hard cardiac events and 54 (4.7%) had MACE. The frequency of cardiac events is shown in Table 2 . Univariate predictors and multivariable analysis for hard cardiac events and MACE were analyzed (Table 3 and 4). LGE is the only significant predictor for MACE and strongest predictor for hard cardiac event followed by myocardial infarction by ECG. However, as in Table 1 chance of having ECG evidence of myocardial infarction was small in patients with LGE. Besides, myocardial infarction diagnosed by ECG had a significant chance of false positive as it was noted in 7.4% of patients without LGE. Overall sensitivity, specificity, positive predictive value and negative predictive value of ECG evidence of myocardial infarction for the detection of LGE were 18.1%, 92.6%, 19.1%, and 92.1% respectively. Kaplan-Meier graph with log rank test of LGE as the predictor for hard cardiac events and MACE is shown in Figure 3 . Since there may be a possibility that some patients may undergo coronary angiography or revascularization related to the results of CMR and had cardiac events caused by the procedures, we looked at the rate of cardiac events related to the procedures in both groups within 6 months after the CMR. Revascularization was performed in 28 patients (26.9%) who had LGE and 79 patients who had no LGE (7.6%). There were a total of 5 patients who had MACE related to revascularization within 6 months after CMR: 1 in LGE group (0.96%) and 4 in non-LGE group (0.38%) which had no statistical significance (p = 0.379).
Additional analysis was performed for the assessment of the prognostic importance of the extent of LGE. By using the median size of LGE of 6.25% of myocardium, we graded the extent of LGE into 3 groups: no LGE, LGE ≤ median and LGE > median. Hazard ratios and 95%CI for hard cardiac events and MACE for patients with LGE ≤ median were 2.14 (0.28-16.53), p = 0.467 and 3.36 (1.32-8.55), p = 0.011 compared to those without LGE. Multivariable analysis showed that patients with LGE ≤ median had no significant increase in risk of hard events but had a significant increase in risk of MACE (hazard ratio 3.28, 95%CI 1.29-8.37, p = 0.013) compared to those without LGE. For patients with LGE > median, hazard ratios for hard events and MACE were 8.59 (3.23-24.37), p < 0.001 and 4.69 (2.28-9.67), p < 0.001 compared to those without LGE. Multivariable analysis showed that patients with LGE > median had a significant increase in risk of hard events (hazard ratio 7.96, 95%CI 2.34-27.09, p = 0.001) and MACE (hazard ratio 4.51, 95%CI 2.19-9.30, p < 0.001) compared to those without LGE.
Discussion
The results of our study showed that in patients with known or suspected CAD and normal wall motion, 9.1% LGE is the strongest predictor of cardiac events. Echocardiography is an investigation for the evaluation of evidence of structural heart disease in patients with sign or symptoms of heart disease [1] [2] [3] . CMR, although of limited availability and more expensive, can assess evidence of structural heart disease to a greater extent than echocardiography [17, 18, 20] . Although echocardiography may have a better temporal resolution than CMR, the overall image quality of CMR for the assessment of regional wall motion is usually better than echocardiography (11, 23) . In comparison with echocardiography, CMR has a better tissue contrast and better border definition thereby better endocardial detection. Image quality of echocardiography may also be compromised due to a poor acquisition window. CMR has been shown to be very accurate for the detection of myocardial scar [12] which may be related to a better image quality of CMR in comparison to echocardiography [9] . A previous study [5] showed that patients with unrecognized myocardial infarction diagnosed from ECG had regional wall motion abnormality, from echocardiogram, in 13% compared to 42% in those with recognized myocardial infarction. This may be due to the limited accuracy of ECG criteria for the diagnosis of myocardial infarction [4] .
We showed that, among patients with normal wall motion, the prevalence of LGE increased in patients with high LVMASS index with the prevalence up to 19% in the highest quartile of LVMASS index. This finding is consistent with a previous report [5] which showed an increased LVMASS index from echocardiogram in patients with unrecognized myocardial infarction.
Compared to earlier report [6] on the prognostic importance of LGE in patients with known or suspected CAD, we focused on patients with normal wall motion which has not been reported before. We also had a larger number of patients with normal wall motion. Although they reported the findings of LGE and abnormal wall motion, the number of patients with normal wall motion in their study was small and cannot provide the prognostic data in this group. Calculation from the data that they reported, the prevalence of LGE in patients with normal wall motion was 7% which is slightly less than the prevalence in our study.
The results of this study on the prevalence of LGE and its prognostic value can be applied to patients who were referred for CMR with normal left ventricular wall motion without known cause of LGE. This is the reason that we excluded patients with history of myocardial infarction and other known causes of LGE including those with history of revascularization which may have a significant number of procedure-related LGE which was detected by CMR in up to 64% [14] .
There are some limitations of this study. Firstly, although we exclude hypertrophic cardiomyopathy and many conditions that might cause LGE, we did not exclude left ventricular hypertrophy or aortic stenosis which has been shown to have an association with LGE [24] . However, in this study, we did not have any patients with severe aortic stenosis and LGE was an independent predictor after the adjustment of LVMASS. Secondly, the detection of abnormal wall motion was performed by visual assessment without the use of quantitative analysis although intra-and inter-observer agreements for wall motion assessment in our study were excellent as shown earlier. Lastly, this study did not analyze the influence of inducible wall motion abnormality or perfusion abnormality that might also have an effect on clinical outcome due to inadequate number of patients.
Conclusion
This is the first study that demonstrated the prognostic importance of LGE in patients with normal wall motion. The prognostic value of LGE in this patient population was even more confirmed by the quantitative analysis of LGE. Therefore, clinicians cannot assume that patients without wall motion abnormality have no evidence of structural heart disease and have a good prognosis. Although myocardial infarction by ECG was also an independent predictor for hard endpoints, LGE was the strongest predictor of hard endpoints and MACE. 
